Plant specific miRNAs (Novel miRNAs) are well known to perform distinctive functions in biological processes. Identification of new miRNAs is necessary to understand their gene regulation. Degradome provides an opportunity to explore the miRNA functions by comparing the miRNA population and their degraded products. In the present study, Small RNA sequencing data was used to identify novel miRNAs. Further, degradome sequencing was carried out to identify miRNAs targets in the plant, Chlorophytum borivilianum. The present study supplemented 40 more novel miRNAs correlating degradome data with smallRNAome. Novel miRNAs, complementary to mRNA partial sequences obtained from degradome sequencing were actually targeting the later. A big pool of miRNA was established by using Oryza sativa, Arabidopsis thaliana, Populus trichocarpa, Ricinus communis, and Vitis vinifera genomic data. Targets were identified for novel miRNAs and total 109 targets were predicted. BLAST2GO analysis elaborate about localization of novel miRNAs' targets and their corresponding KEGG (Kyoto Encyclopedia for Genes and Genomes) pathways. Identified targets were annotated and were found to be involved in significant biological processes like Nitrogen metabolism, Pyruvate metabolism, Citrate cycle (TCA cycle), photosynthesis, and Glycolysis/Gluconeogenesis. The present study provides an overall view of the miRNA regulation in multiple metabolic pathways that are involved in plant growth, pathogen resistance and secondary metabolism of C. borivilianum.
Introduction
C. borivilianum Santapau & Fernandes is an important perennial herb of liliaceae family. Under cultivated condition it is used as an annual crop. In the recent time good market demand has been observed for the C. borivilianum roots. This is because root powder possess.
Numerous pharmaceutical properties such as immunomodulatory [1] , anti-diabetic [2] , pendiculatory [3] , and androgenic [4] etc. The dried roots of C. borivilianum (also known as "Safed musli") is an Indian herb and majorly used for the curing rheumatism and helpful in enhancing the immunity. Now a days a number of pharmaceutical industries are using the root extract of C. borivilianum in their formulations for example Dabur, India; Emami Limited, India; Patanjali, India; Nutri Herbs Pvt. Ltd, Malaysia etc. In the year 2009 FAO (Food and Agriculture Organization of the United Nations) reported root tuber of C. borivilianum as widely traded NTFPs (Non-Timber Forest Product) from India. So, its rapid exploitation resulted in its extinction. And then in 2015, this plant was included in the Red data list of IUCN as critically endangered species and its population trend is still decreasing due to commercial exploitation [5] . To better utilise the unabridged potential of this substantial herb, it is crucial to know about the molecular aspects of its metabolic networks. Our previous studies on functional genomics of saponins biosynthesis in C. borivilianum had identified all the genes involved in saponins biosynthesis using degenerate primers approach [6] , suppression subtractive hybridization [7] and by transcriptome sequencing using Illumina HiSeq sequencing platform [8, 9] . microRNAs (miRNAs) are known as molecular non-coding regulators of length 18-24 nt. From 5′ end of miRNAs, 2 to 8 nucleotide region is known as "seed" sequence. The seed sequence plays a vital role in the identification and binding to exact target mRNA [10] . The cleavage site occurs between 9 and 11 nt from the 5′ end of the miRNA, and the perfect complementarity at seed region is needed for the mRNA degradation. Fascinatingly, loss of even a single base-pairing in seed region can results into translational repression [11] . Translational repression predominantly occur in animals while plant miRNAs mainly target mRNA by cleavage [12] . This suggest the high complementarity of miRNA with their target mRNA in plants. Due to high degree of miRNA-mRNA complementarity without a single mismatch, chances of occurrence of cleavage are more than translational repression [13] . RNaseH activity of the PIWI domain of AGO proteins is responsible for target cleavage and it does require the 3′ deadenylation or 5' decapping before cleaving as in case of exonuclease [14, 15] . mRNA cleavage occurs in plants more commonly because of perfect complementarity between miRNAs and their targets. The improvement in molecular biology verified the contribution of miRNAs in regulating plant metabolic processes with high specificity at the transcriptional and posttranscriptional level. These can be used as a potential molecules to improve plant productivity [16] .
In our previous study, we identified 442 known miRNAs belonging to 47 miRNA families and 5 novel miRNAs through small RNA sequencing of young leaf tissue of C. borivilianum. We studied the co-relation of miRNAs with the genes involved in the saponin biosynthetic pathway [17] . In the present study we tried to supplement the already present list of C. borivilianum miRNAs by digging deep in the RNA population. The combined analysis of the small RNA and degradome sequencing (Parallel analysis of RNA ends) data confirmed the miRNAmRNA interaction. Degradome profiling confirm the miRNA-mRNA interaction and helps in identification of novel targets. It is proven by multiple studies that miRNA cleavage site lies mostly between 10th and 11th nucleotide from the 5' end of miRNA. After this cleavage, upstream fragment of the target gets degrade and the downstream fragment remains stable. This uncapped, polyadenylated mRNAs can be sequenced to know the exact targeted position [18] [19] [20] . So the degradome sequencing will presented the improved picture of the miRNA regulation of various metabolic pathways in this plant. The degradation products of miRNAs can help in identifying the particular molecular pathways extensively regulated by miRNAs. In the present study, starting from a wide approach for identification of novel miRNAs as the genome of the particular plant is not available, we found total 2144 novel miRNAs. This provided a wide spectrum of all the possible miRNAs present in C. borivilianum. Further degradome sequencing revealed total 109 probable targets of the identified novel miRNAs. This helped us to recognise the functional aspect of the miRNAs. And on the basis of above analysis we confirmed 40 new novel miRNAs apart from 5 previously reported novel miRNAs.
Results
Processed data accessible from our previous study was used for further exploring the novel miRNA pool of C. borivilianum. Filtered sequences left after known miRNAs identification were utilised here for identification of novel miRNA.
Identification of novel miRNAs
Genome of C. borivilianum is not known yet, thus genomic data of A. thaliana, O. sativa, V. vinifera, P. trichocarpa, and R. communis was used for novel miRNAs identification. miRDeep2 (version 2.0.0.7) was used for the prediction of novel miRNAs. From this alignment, we found total 87, 714, 537, 313, 493 novel miRNAs correspond to the A. thaliana, O. sativa, P. trichocarpa, R. communis, and V. vinifera respectively. This summed up to total novel miRNAs i.e. 2144 pointedly high abundance of miRNAs in C. borivilianum. Maximum alignment of novel miRNA population was with O. sativa. Among all the selected plant species only O. sativa is monocot. This observation of abundant novel miRNAs similarity with O. sativa, suggested the significant difference at the level of molecular gene regulation by miRNAs in monocots and dicots. Details of all novel miRNAs from all reference genomes are mentioned in Supplementary Tables 1, 2 , 3, 4, 5 respectively. Certainty of all identified miRNAs depends on functions, they are supposed to perform in the actual system of plant. This led us to dogged up further for their actual targets.
Identification of targets for novel miRNAs
In our previous study we tried to find targets of miRNAs on the basis of transcriptome data of leaf and root tissue [17] . Further to confirm the identified miRNA-mRNA pairs and to minimize the false positives due to the bioinformatics tools, we conducted degradome sequencing analysis. Degradome sequencing of the miRNA-cleaved mRNAs was executed to know the biological functions of identified miRNAs in C. borivilianum. For better results we used RNA with the RIN value ≥ 7 for the degradome library preparation. Raw data was processed and the lowquality sequences were discarded altogether, a total of 14,726,700 reads were used to detect miRNA cleavage site. From Cleaveland4 pipeline, 28 novel miRNAs were shown to target 61 transcripts from leaf Fig. 1 . Representation of abundance of novel miRNA targets from both leaf and root of C. borivilianum. Table 2 Significant targets identified for the novel miRNAs using from leaf transcriptome by parallel analysis of RNA ends. More exact complementarity between miRNA and corresponding mRNA in plants make target identification more precise. Furthermost, plant miRNAs mainly show complementarity in coding region. It is key merit useful for degradome approach and to distinguish novel miRNAs on the basis of their roles [21] . Total 45,702,108 reads were obtained from degradome sequencing and after trimming we got 14,726,700 reads of > 16bp length. Previously reported all novel miRNAs along with novel miRNAs identified in current study and the leaf and root transcriptome data of C. borivilianum was used as input for the degradome analysis. Targets having significant p-value (≥0.5) were used for further exploration. Table 1 and Table 2 consists of description of all novel miRNAs targeting root and leaf transcripts respectively of C. borivilianum.
Novel miRNA cbo-miR38 was found to have the maximum in both root and leaf in C. borivilianum leaf (14 targets) and root (11 targets). Leaf targets were annotated as Proton-dependent oligopeptide transporter family, clathrin light chain 1-like, DEAD-box ATP-dependent RNA helicase 42, Cytochrome P450 90B1, photosystem I reaction center subunit N, chloroplastic, transketolase, chloroplastic, AT hookcontaining MAR binding 1-like protein, probable protein phosphatase 2C 73, sphingosine kinase 1-like, secretory carrier-associated membrane protein 2-like isoform X1, oligoribonuclease isoform X1, (+)-neomenthol dehydrogenase-like isoform X2, furostanol glycoside 26-O-beta-glucosidase-like.
Structural maintenance of chromosomes protein 1. Whereas the root transcript targets were annotated as monodehydroascorbate reductaselike, Ankyrin repeat-containing protein ITN1, Calreticulin, microfibrillar-associated protein 1-like, tubulin alpha-3 chain, ubiquitin-NEDD8-like protein RUB2, RNA-dependent RNA polymerase 6, probable protein phosphatase 2C 73, 60S ribosomal protein L10a, oligoribonuclease isoform X1, secretory carrier-associated membrane protein 2-like isoform X1. This showed the role of cbo-miR38 in secondary metabolism, miRNA biogenesis and photosynthetic light reaction etc. Surprisingly, we found cbo-miR38 targeting photosystem I. To best of our knowledge, till now no miRNA is reported targeting Photosystem I reaction center subunit. The pigments present in Photosystem I and photosystem II produce photons by using light energy that ultimately form energy compounds in plants [22] . From this study we also endorse the earlier well-known assumption that state multiple role of a single miRNA conclude alteration in one metabolic process due to the consequences of other. Like effect of photosynthesis on the grain size in plants [23] .
Gene ontology study of targets
Functional annotation of target genes was carried out by using Blast2GO 5. Selectively total 109 (50 from root and 59 from leaf) targets predicted by degradome sequencing were subjected to BLAST2GO. Selected target sequences were mapped with GO database. These transcripts were classified into three major categories namely biological process, molecular function and cellular components using plant specific GO slims. Functional classification of C. borivilianum targets from root tissue in biological process category showed maximum targets involved in metabolic process (GO:0008152), cellular process (GO:0009987), and cellular component organization and biogenesis (GO:0071840). Some of the targets were also found to participate in biological regulation, localization, regulation of biological processes [ Fig. 2(A) ]. This suggested the gross entailing of identified targets in plant growth and metabolic activity. In cellular component group target sequences related to cell (GO:0005623), cell part (GO:0044464), membrane (GO:0016020) and organelle (GO:0043226) were maximum [ Fig. 2(B) ]. The targets belonging to major subgroup of molecular function category included binding (GO:0005488), catalytic activity (GO:0003824) and structural molecular activity (GO:0005158) [ Fig. 2(C) ].
Functional classification of C. borivilianum targets from root tissue in biological process category showed maximum targets involved in cellular process (GO:0009987), metabolic process (GO:0008152) and biological regulation (GO:0065007). Some of the targets were also found to contribute in regulation of biological processes, cellular component regulation and biogenesis, response to stimulus, localization, development process, and multicellular organismal process [ Fig. 3(A) ]. In cellular component group target sequences related to cell (GO:0005623), cell part (GO:0044464), and organelle (GO:0043226) were maximum [ Fig. 3(B) ]. The targets belonging to major subgroup of molecular function category included binding (GO:0005488), catalytic activity (GO:0003824) and structural molecular activity (GO:0005158) [ Fig. 3(C) ].
Further to analyze the role of identified target transcripts, they were mapped to KEGG pathway. Total The details of all identified metabolic pathways mentioned in from root and leaf are mentioned in Table 3 and Table 4 respectively. Activation of photosynthesis in leaf is regulated by cbo-miR33 whereas in root inactivation of the same involve 2 miRNAs i.e. cbo-miR24 and cbomiR33. These 2 plant specific miRNAs target transcript coding for FNR (PetH) reductase (ec:1.18.1.2 -reductase) involved in photosynthesis electron transport in Photosystem II (Fig. 4) . Oxidative phosphorylation in root is regulated by 2 miRNAs. ec:7.1.1.2 -reductase (H + -translocating) and ec:1.6.99.3 -dehydrogenase are targeted by cbo-miR19. Whereas ec:3.6.1.1 -diphosphatase is targeted by cbo-miR9 (Fig. 5) . This analysis showed the wide involvement of miRNAs in all above mentioned biological processes (see Table 5 ).
On the basis of above analysis, we confirmed the existence of 40 novel miRNAs out of total 2144 predicted. These novel miRNAs were confirmed on the basis of their targets in from leaf and root transcriptome by degradome sequencing analysis. These 40 novel miRNAs were named from cbo-miR6 to cbo-miR45 on the basis of well-known nomenclature criteria [24] . cbo-miR6 was found to have transcript matching to A. thaliana. cbo-miR7 to cbo-miR23 were having their precursor from O. sativa, cbo-miR29 and cbo-miR30 from P. trichocarpa, cbo-miR31 to cbo-miR38 from R. communis, and cbo-miR39 to cbomiR45 from V. vinifera (Table 3) . Secondary structures were predicted for the precursor sequence of the all confirmed miRNAs (supplementary File 6). This was to our surprise that only one novel miRNAs was corresponding to A. thaliana was having any potential target in C. borivilianum. This suggested that even if both C. borivilianum and A. thaliana belongs to monocot, they have the very less similarity at miRNAs level. Gene regulation have involve majorly different mechanism in both plants in comparison to others. The low abundance of novel miRNAs was in the range from 1 to 26. The abundance of cbo-miR8 was maximum followed by cbo-miR44. Apart from this multiple miRNAs with only 1 read count were also identified ( Fig. 6(a) ). The range of the length of novel miRNAs was from 18 to 22 ( Fig. 6(b) ). Abundance of novel miRNAs of length 18 nt was maximum. Novel miRNAs of length 24 nt used be most abundant among plant species. The same was not observed in the present case. This might be due to unavailability of plant's own genome. Once the genome sequence will be available, variability of 3′ end of miRNA can be assured in future. Further, no significant result after BLASTN of novel miRNAs confirmed their novelty. These C. borivilianum specific miRNAs were having their origin from both plus and minus strand of precursor, but more from minus strand.
Discussion
Since the time of Ayurvedic medicine, mainly 13 Indian species of Chlorophytum have been reported such as C. arundinaceum Baker, C. attenuatum Baker, C. breviscapum Dalz, C. borivilianum Sant and Fern, C. glaucum Dalz, C. orcbidastrum Lindley, C. kbasianum Hooker, C. undulatum Wall, C. Laxum R. Br., C. tuberosum Baker, and C. malabaricum Baker [25] [26] [27] . C. borivilianum is best known for cultivation purpose as it gives good returns with less inputs. Per hectare production of C. borivilianum varies from 40 to 50 quintal per hectare. The presence of pathways like Saponin Biosynthesis, Flavonoid Biosynthesis, and Alkaloid Biosynthesis, responsible to incorporate uniqueness in medicinal plants. Secondary metabolites like saponins act as antioxidant and helps in reduction of free radicals. Saponins possess properties like sweetness to bitterness, foaming, emulsification, pharmacological, medicinal, haemolytic, antimicrobial, insecticidal, molluscicidal activities, and find some place in cosmetic industry, beverages, and confectionery [28] . Saponins are present in high amounts in a variety of plant species like C. borivilianum, Glycyrrhiza glabra, Panax ginseng, Bacopa monnieri, and Ilex paraguariensis [29] . Steroidal saponins are mainly known as the principal bioactive components responsible for the therapeutic properties of C. borivilianum. The initial steps for their biosynthesis in plants involve both mevalonic acid (MVA) pathway and 2-C-methyl-Derythritol-4-phosphate (MEP) pathway, Table 4 Details of all identified KEGG pathways involved root targets. located in cytosol and plastids, respectively. These pathways in C. borivilianum were well illustrated by various transcriptome studies [6] . Genes involved in initial steps of saponin biosynthesis are more active in leaf tissue whereas later step genes show more expression in root tissue of the plant [7] [8] [9] . Different formulations of root extract of C. borivilianum shown diverse actions like crude extract have higher antioxidant activity and bleaching activity while saponin filtrate shown greater ferrous ion chelating activity. MTT cell viability assay using MCF-7, PC3, and HCT-116 cancer cell lines proved that crude extract has more cytotoxic activity than total saponin extract. C. borivilianum polysaccharide intake at 0.4% for 4 weeks enhance resistance ability in Labeo rohita against bacteria Aeromonas hydrophila. This was evident by increasing level of 4 pro-inflammatory cytokines (IL-8, IL-1β, iNOS, and TNF-α) and decrease in 2 anti-inflammatory cytokines (IL-10 and TGF-β) level [30] . It was also reported by a study on the pancreatic tissue of diabetic rats that C. borivilianum root extract affects lipid panel, insulin amount, blood sugar regulation, and reduce oxidative stress [31] . The root extract of C. borivilianum have physiochemical potential to reduce the rate of corrosion of steel when applied in the acidic medium [32] . These all studies portray a sound picture how beneficial C. borivilianum is for human kind. Due to immense therapeutic worth of this herb, it was adopted as crop plant from wild long ago. Various methods for its propagation were also developed. Still it have a high market demand and boost in its yield is the requisite of time. Till now efforts were made to increase yield by various modification in propagation methods. But the molecular study opened the way forward for the same at molecular level. The advancement of molecular studies verified the contribution of miRNAs in controlling the plant metabolism with high specificity at the both transcriptional and post-transcriptional level. These can be used as a potential molecules to improve plant productivity [16] . The gene silencing by mRNA cleavage is most widely observed mode of action of miRNAs [13] . Interference in the translation without altering the level of mRNA is another way [33] . miRNA can target translation at various stages like ribosome stalling, and ribosome unloads but it is more common in animals [34] . Methylation of cytosine at DNA level and obstruction in transcription includes chromatin-modifying enzymes selected by AGO protein, RNA polymerase V and miRNA. This is also known as RNA-directed DNA methylation (RdDM) [35, 36] . The present study will act as a supplement to our previous study and help in enhancing understanding related to the miRNA regulation in C. borivilianum herb.
miRNAs and their relative targets
A large pool of 38,589 miRNAs is available from various plants in miRBase 22.1 [37] . A number of them are uncharacterised. Without knowing functional aspect of miRNAs, it is of least importance. This triggered us to study the entire miRNAs pool of C. borivilianum along with their targets. From degradome profiling, a wide range of targets found for miRNAs in C. borivilianum. In this study we tried to touch every general aspect that a plant specific miRNA can regulate. Single miRNA can participate in multiple regulatory pathways, for instance organ development, vegetative-reproductive phase transition, stress response etc. [38] . Any alteration in the miRNA biogenesis can cause changes in multiple phenotypic traits. From a number of studies, it is well known that miRNA * also act along with miRNA and regulate intracellular activity [39, 40] .
Root is an essential plant organ that helps in nutrient and H 2 O uptake, also provide mechanical strength, and store secondary metabolites [41] . cbo-miR45 target the transcript coding for carbonic anhydrase 2-like isoform X1 in root tissue. Carbonic anhydrase, popularly existing enzyme that catalyse the reversible hydration reaction of CO 2 into bicarbonate. KEGG pathway analysis suggested role of plant specific cbo-miR45 in nitrogen metabolism in C. borivilianum root. Role of miRNAs in nitrogen metabolism is well established in plants. Previously Table 5 Details of all identified KEGG pathways involved leaf targets. miR171 and miR 397 were found to be involved in nodulation for nitrogen fixation in the Legume Lotus japonicas [42] . Apart from miRNA, siRNAs are also reported to target carbonic anhydrase [43] . cbo-miR32 target leaf transcript coding for glutamine synthetase leaf isozyme, chloroplastic in C. borivilianum. This is involved in Glyoxylate and dicarboxylate metabolism, Nitrogen metabolism, biosynthesis of Arginine, Aspartate, Alanine, and Glutamate metabolism. In a report, miR 156, miR 159, and miR171 families were found to target mRNA coding for enzymes participating in amino acid, fatty acid, and lipid metabolism in Arachis hypogaea L. (peanut) [44] . Present study shown involvement of novel miRNAs in a few developmental processes as their target genes encode for the probable protein phosphatase 2C, secretory carrier-associated membrane protein 2-like isoform X1, oligoribonuclease isoform X1, (+)-neomenthol dehydrogenase-like isoform X2, structural maintenance of chromosomes protein 1, heat shock 70 kDa protein. Plant metabolism can be improved desirably by direct altering the miRNA-target interaction, using miRNA targeting mRNA that encodes for transcription factors [45] . This involve change in expression level of key genes involved in miRNA biosynthesis and processing and other pathways. Ideally silencing of one gene encoding protein involved in miRNA biosynthesis can hamper the synthesis of multiple miRNAs [46] . Secondary metabolites for example flavonoids, terpenoids, and alkaloids etc. are recognised for their participation in biotic stress. Their use in number of health care products is conventional. miRNAs are reported to regulate the various secondary metabolite biosynthesis like flavonoid biosynthesis, terpanoid biosynthesis, alkaloid biosynthesis. miRNAs directly targeted the genes coding for the pathway enzymes [47] [48] [49] [50] . Leaf transcripts coding for (+)-neomenthol dehydrogenaselike isoform X2, Cytochrome P450 90B1 and furostanol glycoside 26-Obeta-glucosidase-like are tragted by cbo-miR38. This showed the role of plant specific miRNA in secondary metabolite pathways. Whereas initially in our previous study, we found number of known miRNAs targeting MVA and MEP pathway. So here we got a specific mark for secondary metabolite metabolism. 
Extensive array of novel miRNAs
However prior to this study, a pool of known and a few novel miRNAs was identified from C. borivilianum [17] . Prediction of novel miRNAs is difficult because they do not share sequence homology with known miRNAs, so no miRNA reference for their identification [51, 52] . Even after about 2 decade of miRNAs discovery in plants, novel miRNAs identification process is still proceeding. It is well known that speciesspecific miRNAs supplement the function of conserved miRNAs in the regulation of specific regulatory pathways (Glazov et al., 2008). Total 40 new novel miRNAs were identified in our present study, further their target identification showed wide miRNAs regulation in C. borivilianum. Novel miRNA population varies in abundance like 35 novel miRNAs in blueberry [53] , 35 in Botrytis cinerea [54] , 38 in Raphanus sativus L. [55] , 11 in Apple (Golden delicious) [56] . Novel miRNA length varies from 18 to 21 nt in C. borivilianum. novel miRNA of length 18 nt was most abundant in our population. Furthermore, length of potential miRNA precursor length varied from 65 to 99 nt. Minimum free energy (MFE) value ranged from −30.20 to 65.4 kcal/mol. For a stem-loop precursor, MFE should be less than −18 kcal/mol [57] . All these observation confirmed the existence of identified novel miRNAs in C. borivilianum.
Conclusion
A set of 40 novel miRNAs and along with their targets were searched in present study using degradome sequencing. The plant specific miRNA regulate multiple pathways that seems contrary to the fact that novel miRNAs are involved in only some specific pathways. Here, we found the role novel miRNAs in pathways like cellular functions, photosynthesis, secondary metabolism. cbo-miR24 and cbo-miR33 involved in photosynthesis was key fact observed in our study. Further experiments of up-regulation/down-regulation of identified miRNAs can in inclusive development of plant. This can ultimately help in overall crop yield. Current study will add on to the existing database of C. borivilianum and will further help in using miRNAs for improving plants' properties.
Methods and material

Plant material and RNA isolation
Vegetative buds from old C. borivilianum plants were selected to raise new plantlets. For optimal plant growth garden soil was mixed with peat moss (50%). Ideal condition for plant growth is 27°C day/ night temperature for a period of 16/8 h respectively. Young leaf tissue from the 2 month old plant, best suited for total RNA isolation was snap frozen using liquid nitrogen and stored at −80°C.
Minor alterations were done in miRNeasy kit (Qiagen, Germany) protocol according to Ghawana et al., 2011 [58] . This relaxed the cumbersome of RNA isolation and enriched the total RNA with small RNA (including degraded product of small RNA) from a plant tissue with high phenolic content. This comprised fine grinding of 100 mg young leaf tissue using liquid nitrogen and homogenization with solution-I and solution-II. Further protocol for RNA isolation was followed according to manufacturer's instructions. On-column DNase digestion was performed to remove DNA contamination and nuclease free water was used RNA elution. Quantity of eluted RNA was measured using nanodrop spectrophotometer and quality was ensured by Agilent 2100 bioanalyzer system.
Small RNA sequencing and identification of novel miRNAs
Small RNA sequencing data from our previous study was processed further whose raw data is available in public domain under the SRA ID (SRP121214). In our previous study we found total 442 known miRNAs and 5 novel miRNAs from C. borivilianum [17] . Further to expand and refine the novel miRNA population, remaining unaligned reads were used for the prediction of more novel miRNAs by using reference of Arabidopsis thaliana, Oryza sativa, Populus trichocarpa, Ricinus communis, and Vitis vinifera genomes by miRDeep2 (version 2.0.0.7) tool [59] . As the genome of C. borivilainum is not known, wide variety of plant species were selected for reference that too included both monocot and dicots. This provided us to correlate the novel miRNAs of the test plant with a big miRNA pool. This further also helped in interlinking function regulation among selected species. The precise workflow is mentioned in Fig. 7 . All predicted novel miRNAs were subjected to target prediction using degradome sequencing. Novel miRNAs, only with well defined functions were finally scrutinized. Selected novel miRNAs were named according to pre-defined criteria [24] . Details of each step is thoroughly explained in subsequent section. INDIA, for degradome library preparation and sequencing. Total RNA (24 μg) was treated for poly (A) enrichment [Dynabeads® Oligo (dT)] and 5′-end DNA adapter ligation was done using T4 RNA ligase overnight at 16°C. After removing unligated 5′-end adapters, first strand cDNA was synthesized using 5′-end adapters ligated mRNA. First strand cDNA synthesis included annealing of 3′ tailed random primer and superscript-III RT followed by removal of reagent traces by bead cleanup. 15 cycles of indexing PCR was done to enrich adapter-ligated fragments [Denaturation (95C/3 min), cycling (95C/30s, 55C/30s, 72 C/45s) and 72C/5mins]. This resulted into final sequencing library that was purified with JetSeq beads, followed by library quality control analysis. The quantification of sequencing library was done by Qubit fluorometer (Thermo Fisher Scientific, MA, USA) and its fragment size distribution was analysed on Agilent TapeStation. The sequencing was carried out by Illumina Nextseq Single-end sequencing (75 × 1) platform. The raw data of length 75 bp was generated from Illumina platform and received in FASTQ format. srna-workbenchV3.0 ALPHA1 was used to trim 3′ adapter and performed length filtering (minimum length 16bp and maximum 40 bp) [60] . The low quality and contaminated reads were removed on the following criteria to obtain final clean reads, i) removal of reads with phred score less than 30 ii) reads devoid of 3′ adapters iii) reads lacking insert iv) accepted read length 16-40bp vi) reads aligning other ncRNAs (r, t, sn, and snoRNAs). A total of 14 million high quality and non-redundant reads were retained for analysis.
Degradome sequencing and raw data processing
Prediction of novel miRNA targets
Tool Cleaveland4 was used for processing of degradome raw data. Here fasta reads were provided as input [19] . Filtered sequences from degradome data were aligned to the structural RNAs using the Oligomap short read aligner [61] . For every exact alignment with the sense strand of an mRNA, a 26-nt long 'query' mRNA subsequences was mined by extracting 13-nt long sequences from both upstream and downstream to the location of the 5′-end of the aligned degradome sequence. Needle program (EMBOSS) was used for aligning query sequences miRNA sequence data [62] . Alignments were then scored according to a previously described scheme developed for plant miRNA/ target pairings [63] . Degradome sequences with 5′-end corresponding to the 10th nucleotide of miRNA as well as alignment score less than threshold were retained. To remove spurious results pipeline was re-ran using randomly shuffled miRNA sequences to minimize signal-to-noise ratios; shuffled sequences had di-nucleotide and tri-nucleotide compositions corresponding with those of the input transcriptome. Categorization of targets was done into the subsequent 5 categories (0, 1, 2, 3, or 4). The exact pipeline followed for the current analysis is well explained in Fig. 8 .
On the basis of significant targets identified, we further filtered out the novel miRNAs. As it was assumed that if novel miRNAs could target transcript from leaf or root tissue, they must have actual availability in the plant. This provided us the list of novel miRNAs with high indemnity and confirmed their functionality.
Functional annotation and classification
Targets confirmed from degradome sequencing data analysis were subjected to Blast2GO 5 for Gene Ontology (GO) annotations. Annotation grouped all targets in following 3 cluster (i) Biological Process (BP), (ii) Molecular Function (MF), and (iii) Cellular Component (CC) [64] . Default parameters were used for Blast2GO. Finally, identified targets were assigned in biochemical pathways by Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis. 
